Introduction
Despite the huge economic benefits of oil exploitation, there are many associated primary and secondary problems that could impacted negatively on the habitants and the environment in Nigeria. Some of which include contamination of streams and rivers within the exploration and processing areas, oil spillage, destruction of forests and bio-diversity loss, gas flaring and environmental pollution (Nwankwo and Ifeadi, 1988 The use of activated carbon (AC) has proven to be one of the best adsorbents for organic pollutants due to its hydrophobicity, and microporous structure (Vasilyeva et al, 2006) . Addition of activated carbon to the polluted soil leads to a process of sorption and biodegradation of the pollutants. This adsorption process is suitable for use in a lot of other processes like the remediation of soils contaminated with hydrocarbon. Activated carbon successfully reduces the bioavailability of organic contaminants due to its strong sorption properties (Bucheli & Gustafsson, 2000) . Among the advantages of the use of activated carbon for oil spill cleanup is the fact that it has a high sorptional capacity with a relative low viscosity for 1g of the carbon. It also possesses a high rate of sorption and can also achieve reasonable level of cleanup at a relatively lower cost without serious negative impact on the environment (Amer and Hussein, 2006). It is worthy of note however that activated carbon will not remove any heavy metal from the cleanup site and it will also lose its sorptional capacity when it becomes saturated. The use of activated carbon as a cleanup medium provides a less costly option compared to the other available techniques (Sivakumar et al, 2011; Stenzel & Merz, 1989; Vasilyeva et al, 2006) .
Bioregeneration is widely used in solving problems of pollutant contamination of the soil and water body. According to Coelho et al (2006) , the main disadvantage inherent in the use of activated carbon to achieve the above is the issue of contamination by the pollutant. There are various methods that can be used to remove the pollutants from the adsorbents. The advantage of using biological regeneration over thermal as espoused by Coelho et al (2006) include the avoidance of loss of volatile compounds as well as pyrolysis of the non-volatile adsorbents at higher temperature.
The use of activated carbon plays a vital role in the cleanup of spill sites, the attendant secondary pollution created by its dumping can be eliminated by regenerating the adsorbent. The process of thermal regeneration is very expensive and energy consuming. Hazardous by-products are also produced and there is always tendency of imposing or introducing negative effect(s) on natural properties of the product. These have necessitated the search for a more cost effective, environmentally friendly and less cumbersome process of regenerating used activated carbon. It is against this background that experimental studies on Bioregeneration of activated carbon contaminated with hydrocarbon is imperative.
II. Research Methodology
Three samples of polluted soil of different concentration of hydrocarbon were treated with virgin activated carbon. Characterization of the granular activated carbon was carried out by determining it surface area, bulk density, pore volume, pH, moisture content, ash content and particle size before and after regeneration. The optimum degradation temperature was determined from literature. The total hydrocarbon concentration of the used activated carbon was determined and the saturated activated carbon was extracted from the soil sample using a physical sieve of 1.7 -2.4 mm. This is necessary because the particles size of granular activated carbon is larger than the soil granules. Extracted used activated carbon was then treated with pseudomonas putida bacteria culture. The treatment take place in a Bioreactor set up the laboratory. The rate of hydrocarbon degeneration was measured at intervals of 24 hours for 21 days by collecting samples and testing for hydrocarbon content and concentration. Evidence of activated carbon regeneration occurred by the reduction in the total hydrocarbon content (THC) in the sample over the 21 days.
III. Results And Discussions
The use of Granular Activated Carbon is one of the methods in achieving site remediation. It can also be used in the removal of organic constituents in waste water due to the important advantage of not adding anything detrimental to the water (DeSilva, 2000). For economic reasons, recovering of GAC already saturated with the hydrocarbon pollutant needs to be regenerated. Amongst the various methods for achieving this, the use of bioregeneration is chosen to ensure preservation of the structure of the GAC as well as protect the environment.
The commercially obtained Granular Activated Carbon was characterized before and after use for the bioregeneration exercise as shown by the results on Table 1 . The results obtained indicated that the surface area of the virgin GAC was 738m 2 /g. The surface area for the regenerated GAC was measured to be 730m 2 /g. This implies minimal distortion and impact on the surface area of the GAC during the remediation and bioregeneration experiment. The surface area also falls within the acceptable standard range of 500 -1500m 2 /g (DeSilva, 2000) or 600 -1200m 2 /g (Jabit, 2007). The bulk density measured for the virgin GAC was 386kg/m 3 . After regeneration, the bulk density was measured at 379kg/m 3 indicating the recovery of the quality of the GAC (SAJ Holdings SDN BDH, 2002). The pore volume of the virgin GAC was measured as 0.098cm 3 /g. The regenerated GAC also had a pore volume measured as 0.097cm 3 /g. The pore volume determines the size of molecules of the substance the GAC can adsorb (Jabit, 2007) and the results obtained indicates a high efficiency of regeneration. The value is also in alignment with the standard of 1.109cm 3 /g (Hameed et al, 2006). The pH of the virgin GAC was measured as 6.0. After regeneration, the pH of the GAC was measured to be 6.4. Most of the adsorbed hydrocarbon was removed from the GAC and this manifested in the attainment of 6.4 as the pH. The pH of the regenerated GAC conforms to the standard of 6.0 -7.0 (Metcalf & Eddy, 2003) or 6.8 (Ekpete and Horsfall, 2011). The percentage moisture content was measured to be 2.72 in the virgin GAC. The regenerated GAC however has a result of 2.71 and this falls within the acceptable moisture content limit of <5% (SAJ Holdings SDN BDH, 2002). The ash content was measured as shown on the table to be 3.69% for the virgin GAC and 3.58% for the regenerated GAC. This falls within the range of 2 -10% (Jabit, 2007) and <15% (SAJ Holdings SDN BDH, 2002) . The lower the ash value, the better the GAC for use as a adsorbent (Ekpete and Horsfall, 2011). The measured particle size for the virgin GAC and the regenerated GAC was the same with the value of 1.8mm. Plates I and II pictorially show the GAC sample in its virgin state and also after regeneration respectively. Figure 1 is obtained from the values in Table 2 . The results were obtained in the bioregeneration experiment by varying the volume of bacteria. As shown on the graph, there was a sharp decrease in THC after the first 24 hours of the experiment. This initial effect of the bacteria on the hydrocarbon was equally evident for 10, 20, 30 and 40ml bacteria volume experiments. There is a very fast production of CO 2 during the first phase of interaction between the bacteria and the hydrocarbon pollutant leading to the phenomenon above (Jonge et al, 1995) . It also brings to the fore the fact that the volume of substrate as well as the kinetics of desorption of the hydrocarbon decreases as the contact time between both increases (Jonge et al, 1995). However, significant differences were noticed from day two to the twelfth day between the rate of desorption in the various samples for the bioregeneration experiment. The decrease in THC for the 10 and 20ml bacteria volume became very slow while the rate of decrease was very evident for the 30 and 40 ml bacteria volume. The reason for this is due to the presence of more bacteria considering the volume used. By implication, the samples with lower volume of bacteria had their bacteria used up earlier thereby reducing the rate of desorption over the same period of time. After day twelve, there was noticeable decrease in THC for all bacteria volume. On the last day of the experiment, the final THC for the 10, 20, 30 and 40ml bacteria volume was 7.308, 1.988, 0.526 and 0.339 respectively. It was evident that increasing the concentration of the micro organism would increase the efficiency of bioregeneration within the same time duration as confirmed by Nath et al (2011) . At 40ml, the rate of decrease in THC was steady and evident through the duration of the experiment. 
VI. Conclusions
Bioregeneration is very effective in recovering spent granulated activated carbon (GAC) for reuse considering the quality of the regenerated GAC in comparison to the virgin sample. Increasing the volume of bacteria increased the rate of Bioregeneration. Also, temperature plays an important role in Bioregeneration efficiency and increasing the temperature improved the efficiency in as much as it is beyond the temperature that will incapacitate the bacteria colony. Effective Bioregeneration was achieved at 40 o C as such it is concluded that increasing the temperature of Bioregeneration to 45 o C was not cost effective. INITIAL  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22 Bact. 40ml 
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